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Trees  Performing  as  Radio  Antennas 


Abstract — Radio  transmission  and  reception  experiments  con- 
ducted in  a tropical  jungle  are  described.  The  performance  of 
conventional  whip  antennas  is  compared  with  the  performance  of 
trees  utilized  as  antennas  in  conjunction  with  hybrid  electromag- 
netic antenna  couplers  (HEMAC’s).  The  trees  were  found  to  out- 
perform the  whip  in  some  cases  by  up  to  20  dB. 


I.  INTlJOl  M'CTK  >\ 


"Il  would  seem  that  living  vegetation  may  play  a more  important 
part  in  elertriral  phenomena  than  has  been  generally  supposed. • • • 
If.  as  indicated  above  in  these  experiments,  the  earth's  surface  is 
already  generously  provided  with  ellicient  antennae,  which  we  have 
but  to  utilize  for  communications,*  • •*'  These  words  were  written 
in  1 1 M l } by  Major  ( leorge  O.  Squint . ( S.  Army  Signal  Corps.  in  a 
report  to  the  I S.  Department  of  War  in  connection  with  military 
maneuvers  in  the  Pacific  Division  [_1  ]. 

In  1‘MJP.  personnel  of  the  I S.  Army  Elect ionics  Command  again 

employed  trees  as  antennas.  In  this  case,  the  trees  were  Used  as 
transmitter  antennas  foi  frequences  ranging  from  medium  to  short 
wavelengths.  Itt  the  evfwrimenf  s it>  be  described,  the  tree  trunk  was 
Used  as  a single-turti  secondary  winding  in  a resonani  toroid-type 
transformer,  wherein  the  primary  winding  was  a flexible  toroidal 
spiral  wrapped  around  tin*  tree  trunk.  When  stretched  out  com- 
pletely, the  toroid  becomes  a iM-tt  long  elect lical  wire  antenna; 
when  pushed  together.  it  becomes  a ended  magnetic  loop  antenna 
of  ab< »ut  ''-iti  diametei . Ife«  aiH  of  it>  int  rinsic  elect  ric.il  and  magnet  ic 
properties,  the  toroid  was  given  the  name  HEM A(\  an  acronym 
for  hybrid  electromagnet i«  antenna  coiiph  r.  With  1‘2-W  HF  power 
and  at  frequencies  betw»*en  1 and  •'»  MHz,  signal  transmissions  rang- 
ing from  7 to  1 1 mi  were  achieved  Using  HEM  AC  coupled  oak  and 
pine  forest  trees  for  transmission  and  a vertical  whip  antenna  for 
reception.  With  TV  W UF  power  and  a*  frequencies  of  T2.»  kHz 
and  4t»0  kHz.  signal  transmission  ranges  from  do  to  da  mi  wen* 
attained  using  very  large  oak  trees  coupled  by  a Hi! MAC  toned 
designed  for  the  medium  frequency  range.  Furthermore,  as  demon- 
strated bv  HF  radiation  patterns  from  differently  oriental  natural 
tree  loops  [*2]  and  by  Ml*  radiation  patterns  from  large  --iT  trees 
near  swampy  water-filled  gullies  _ d . the  interaction  a toroidal 
HEM A<  * coupled  free  with  adjacent  frees  arid  features  of  the  local 
terrain  can  be  exploited  to  launch  HI  and  ME  signal  emissions  into 

desirnl  geographic  directions. 

However,  f he  deciduous  fore sfs  m \ew  Jersey  are  a poor  sub- 
stitute for  dense  tropical  jungle  loiist>  m which  terns  and  palms 
grow  a*  tall  as  1n*es.  and  which  ptesent  a great  obstacle  to  tactical 
radio  communic.-i t ions  by  conventional  whip  antennas  In  onlei  to 
evaluate  the  ability  o|  an  II  E M AC  t o ovi  n »me  these  obstacles,  an 
impedance  matchbox  w.|s  designed  to  oimecf  I sland.ird  I’lJC  71 
HI  traiisceivei  with  the  III  \l  M ' < oupled  'mm-  I’liis  imped  in' e 
Ilia  t ch  box  pr*'\  ided  a m.a  t ch  lo  t he  ell  i pile  a II  \ detei  till  him  I e«  |i|  l Va  leli  t 
series  tuned  load  itnpeilaiices  of  pine  and  - ik  inis  ringing  ti"in 


II  KM  \<*  toroicj  couplc<|  tree  and  PK<  is,  - ,ti  mm:l, 
site  Clii\a  ('lii\a  \re.i  Panama  ('anal  /•  ■ • lU.'l 


Miit  troth 


St  hr  ft  Jungle  trees  Jo,  »t«*d  within  dense  underbrush  \ eio-iaict, 
w ere  coupled  by  HIM  M s ' , |’|I(  -71  s«»i  I -ed  with  il ' whip.  'I  • 
set  was  placet  I a lew  feet  away  from  the  same  tree-  bri-'Vion 
within  1 ft  of  i lie  whip  was  cijt  aw.i\  Figs  I and  J 

Through  adjustment  of  the  inaichmg  and  tuning  ■••nttolso,  the 
l’IJC-7  I.  maximal  ivailable  powei  w as  delivered  t , whip  ateoh 
lumtinti  Similarly,  with  the  HI. M \t  inr«»td  coupled  iiw  cun 

Heeled  b\  a -rile-  'lined  ln.|t'hbo\  r.  the  l’l*<  .1  • ' . 'ijioi  v 

• a pa  i Hoi  •!  the  m.  itch  I,,  \ md  1 lie  output  • on'i.,|  ■ ! the  IM|C  . I 

were  adjusted  foi  relative  maximal  l.’l  cijlfelit  th  w thloijgli  tin- 

• oioid  . ■ g l on  \ , . ...  1 1.7.1  A On  « d 

di'tant  tr«*e  md  I (Mt  \ >-n  the  third  iu  > i di--  .•  ’te»  The 

• o|  responding  maximal  feeling  n tie  I'lM  71  ■pi'  etc  we* 
about  on  to  70  peiieitt  --l  lull  • lie 

>ighab  tadia'ed  from  'he  whip  and  If  m tie  ' id  upled  jutigU 
t ree-  wen-  ineived  w ill*  t hon  -on'  d wire  dipole  anleiitn  md  an 
| { I M I lecciui  The  'length-  -I  'Ilf  fe*»-|\ed  < U »gt  < 
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Pig  A Kelatixe  lewis  of  4 .»i,»(>- M 1 1 /.  C\\  signals  radiated  from,  re- 
sperciwly.  PK<  71  m hiit  mill  1IK.M.M'  toroid  coupled  jungle  trees 
powered  l*>  idetitieal  PKC-71  transceiver  set  and  received  by  hori 
/amt  a I wire  dipole  antenna.  C'liiva  (’hiva  Test  Area.  Panama  ('anal 
Zone  \ iii;  •*«»  1 *.*7  1 


I’Kr  7 1 set  and  whip  at  jungle  hole  site.  ( hi\a  < hiva  Area. 
Panama  (’anal  Zone.  Sept  It»7t. 


displayed  «m  the  HUO-dtM)  N-meter  were  measured  using  an  II F 
signal  generator  as  substitution  standard. 

lit  suits:  I'sin  g I "id  as  the  zero  dB  reference,  the  signal  levels 
produced  by  the  toroid  coupled  tret's  and  the  whip  radiator  are 
plotted  in  Fig.  A as  functions  of  the  distance  from  the  horizontal 
dipole  receiver  antenna. 

Considering  the  spatial  limitations  in  the  Chiva  Chiva  Test  Area 
ami  the  corresponding  small  number  of  data  points,  the  lower  at- 
tenuation of  signals  from  die  toroid  couplet!  trees  could  be  dismissed 
as  a statistical  coincidence.  However,  previous  measurements  in 
New  Jersey  [2  I and  the  subsequent ly  described  measurements  in 
the  ( i a m boa  Jungle  Area  prove  the  deterministic  nature  of  the 
divergency  between  signal  decays  as  a function  of  distance  as  meas- 
ured with  whips  and  with  trees.  Similar  divergencies  were  also 
observed  with  different  types  of  antennas  in  microwave  modeling 
experiments  in  which  grasses,  herbs,  and  shrubs  were  used  to  model 
KF  scatter  in  jungle  forests  .*»  1. 

It  i liiU’tuni  ./ nrnjlt  Arm  Kx/nrinitntx 

Measurements  in  the  ( iamhoa  Jungle  \rea  were  carried  out  to 
determine  to  what  extent  the  relative  dryness  and  wetness  of  the 
jungle  vegetal  loii  affe<  ’ the  -igii.il  versii-  distance  decay  s as  sensed 
b\  w hip  ind  by  tree-. 

1/,  f , nf  sitn/K  The  \ M i l:  and  the  receiver  locations 

I,'  • . I,'  are  ruarknl  • »n  the  map  of  the  < iamho.a  l est  \rea  in 

Fig  1 I lie  I »>•«*  Mil  ignals  were  transmitted  from  the  I * I M * - 7 1 
whip  ''(i  t lie  jungle  i ■ • el  at  id  from  a tor*  -id  • oiipled  jungle  t ree  about 
JIM'  aw  o a t the  'ide  of  then-ad.  The -ignal  dna\ - w ere  measured 
l»v  ( \\  ' r insinissii*ns  from  whip  to  whip,  whip  t<*  t tee-,  tree  to  whip, 
at. d t lee-  t •*  t ree 

s*n  tl  it!\,  i in  *ho  Chiva  Cluv.a  |’e-t  \n  a.  t he  i a*liate»|  -ignaU 

wet.  n eivetl  ami  measured  with  die  I I'M  No  III  I \nal\ /et  I ield 

Miengdi  Meter  cormeete<|  t..  either  the  tripod  mounted  I KM  No 


A 

■h 


M 


A,  ' a>.  V 

y/y;rr •“’A 

v"  * a 

A /■  A 'I^S.  , . I ' ; 

a^*  -t-  e-  ■ 1 ’ j 1 r-'s-*—1  -} 

Pig  I Transmitter  ami  receiver  locations.  /».  to  /»V  Uamboa  Area 
Panama  (’anal  Zone  Sept.  A.  7.  and  V 1 «*7 1 . 


whip  on  the  road  or  to  toroid  coupled  jungle  trees  at  the  edge  of  tin- 
road.  A typical  receiver  setup  is  seen  in  Fig.  o.  which  shows  the 
toroid  coupled  tree  *»n  tin*  t ight  side  of  the  road  behind  the  Kandrovt  f 
vi'hiele. 

Measurements  were  made  at  intervals  of  O.o  mi  up  to  A nu  distama* 
along  tin1  road,  i.e  , from  o.  I to  J.o  mi  air  line  distance  from  the 
transmitter  site. 

In  the  initial  Sept,  d measurements  when  tin*  vegetation  wa- 
drippmg  wet  aftei  heavy  rains,  the  toroid  tree  transmit  te*  output 
wa>  adjusted  t.»  produce  at  a distance  of  M.  I mi  about  the  same  field 
strength  as  that  produce*!  by  the  IMiC-71  Whip  Transmitter  For 
this  purpose  the  signal  field  st rengt h w a measured  w it h t he  I KM  V* 
w hip. 

The  same  settings  of  tin-  controls  of  tin*  toroid  coupled  tree  irate 
nutlet  were  reproduc'd  again  on  Sept  n hi  hot  sijuiin  weather,  when 
the  vegetation  wa>  rela’tvelx  dry 

li’is'ilts  Pin-  <ltastically  ilitleretit  t\p«-  ..t  signal  de*a\-  with- 
• ll-taime  a-  -ei»si*d  with  the  whip  ami  with  toroid  • upl<*d  trees  m 
the  dripping  wet  ami  in  the  <li\  jungle  i • 1 1 1:« 1 1 1 if i«m I |*\  tin  - oin- 


Fig.  5.  Typical  receiver  setup  From  left  to  right  IIKMAC  toroid 
coupled  tree.  l’K('-74  set  with  whip.  I'KM-vi  Held  strength  meter 
in  vehicle.  l'KM-s.*>  whip  on  tripod,  (iamho,.  ,\rea  Panama  (’anal 
Zone.  Sept.  1071. 


Fig.  7.  4.ti50-M  Hz  signal -plus-noise /mdse  versus  distance  from  XMTK 

site,  jungle  vegetation  surfaces  relatively  «lr>  in  sunny  weather, 
(•ainhou  Area.  Panama  Canal  Zone.  Sept.  S.  1971. 


produce  ami  to  sense  the  dominant  horizontal  polarization,  i.e.,  the 
polarization  that  has  the  greater  survival  rate  in  the  dominant 
vertically  structured  roughness  of  terrain  and  vegetation. 


Fig  »'»  l,t«.*»0-M  llz  signal-plus-noise  noise  versus  distance  from  X M I K 

sit»*.  jungle  vegetation  dripping  wet  after  hea\>  rainfall.  cloudy 
weather,  (iamhoa  Area.  Panama  Canal  Zone.  Sept.  a.  1971. 


sponding  signal-plus-itoise  to  noise-rat io-versus-*listance  curves  in 
Figs.  t>  and  7. 

These  curves  conform  to  r and  exp  ( — l).oxJ)  type  laws  within 
the  measurement  range  0.1  < x < 2.’>  mi. 

The  influence  of  the  terrain  on  the  shape  of  these  and  other  signal- 
decay- versus-d  is  tan  ce  curves  is  deduced  hi  [•!].  In  particular,  on 
Sept.  .’>  and  S over  only  I * air  nil  voice  communications  by  the 
whip  equipped  PHC-74  sets  used  by  the  transmitting  and  receiving 
parties  were  hardly  audible  as  the  voice  signal  levels  on  both  ends 
fadetl  almost  into  the  relative  low  noise  backgrounds.  'During  a 
similar  test  on  Sept.  7,  lightning  noise  blocked  voice  communications 
by  whip  completely  . 

The  overall  resubs  sliow  that  the  obstructing  influence  of  the 
hilly  terrain  was  felt  more  severely  when  the  jungle  vegetation  was 
dripping  wet  than  when  it  was  dry.  and  in  all  cases  more  severely 
with  the  whip  than  with  IIFM  \< ' toroid  coupled  trees. 

Considering  the  result*'  of  the  previously  meutiom*d  modeling 
experiments  [."»  in  •'oiiia'ction  with  the  data  .rom  the  ( luva  ( Inva 
< iatubo.a  jungle  tests  [_-!],  one  .mist  conclude  that  the  superior 
performance  of  the  frees  i>  in  a large  part  due  to  their  ability  to 


C.  Qualitative  Tests 

Different  foreign  radio  stations  were  received  using  toroid  coupled 
trees  on  the  Las  Cruzes  Jungle  'frail  and  voice  communications  tests 
were  carried  out  between  different  locations  on  the  Las  Cruzes 
Jungle  Trail  in  the  (iamhoa  Area  and  a location  in  tin*  Chiva  Chiva 
Jungle  Area.  Additional  details  of  tests  and  related  measurement 
data  can  be  found  in  [4]. 

III.  CONCLUSIONS 

The  phenomena  that  govern  radio  emission  and  reception  at 
ground  locations  in  jungle  forests  an*  easily*  recognized  by  considering 
the  jungle  as  a maze  of  aperture-coupled  screen  rooms.  In  the  jungle 
case,  the  screens,  in  the  form  of  vertical  tree  and  fern  trunks,  and 
tin*  horizontal  forest  canopy*  are  of  variable  thickness,  have  variable 
shaped  apertures,  and  are  composed  of  diverse  substances  that 
contain  mostly  water. 

The  local  forest  structure  determines  the  directivity  of  radiation. 
However,  the  directioihil  radiation  bias  of  local  forest  structures  can 
be  overcome  by  employing  phased  twin  tree  arrays.  [f»]and  [7]. 
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